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1 Introduction

The Horseman'’s Trail Planned Residential Development (PRD) is a 112-lot
subdivision located near Mukilteo in unincorporated Snohomish County
(Township 28N Range 4E Sections 32 and 33). The site occupies 23 acres
south of Picnic Point Road and north of 136th Place SW. The site is forested
with mature second growth and has considerable topographic relief. This
report has been prepared in support of the Draft Environmental Impact
Statement (Snohomish County Planning and Development Services 2008).

The report presents and interprets geotechnical data at the Horseman’s Trail
PRD site (“site”), including geology, soil properties, seismic (earthquake)
considerations and slope stability. It is anticipated that additional geotechnical
analyses will be required to finalize some aspects of the site design; for
example, retaining structures.

2 Investigations

Subsurface conditions of the Horseman’s Trail site have been explored by
three monitoring wells to observe groundwater conditions, and by six borings,
and 28 exploration pits to evaluate geologic conditions and infiltration
properties. Details, including logs, are presented in reports prepared by
Associated Earth Sciences Inc (1998, 2005, 2006a, 2006b), and in
Attachment A to this report. The locations of the investigations are shown on
Figure 2-1. The borings and monitoring wells were completed to depths of up
to 218 feet below ground surface. The test pits were excavated with a track-
mounted hydraulic excavator to depths ranging between 4 and 17 feet below
ground surface, and were backfilled with the excavated material after logging.

3 Geology

Existing site geology is shown on Figure 3-1. Descriptions of the stratigraphic
units are presented below.

3.1 Recessional Outwash
The recessional outwash is typically sand and gravel, deposited by glacial
meltwater during the retreat of the most recent glaciation. On the Horseman'’s
Trail site, this unit is thin, and has been identified only in EP-17 (see Figure
2.1 for investigation locations) in the southeastern part of the site (AESI
2005). No groundwater was encountered during the excavation of this
exploration pit.

3.2 Vashon Till
The Vashon till is the most widespread near-surface glacial deposit
underlying the site upland and surrounding area. It is a dense silty sand with
gravel and cobbles. The till is an aquitard, restricting the downward
movement of infiltrating water. However, the upper 3 to 5 feet are typically
weathered. “Weathering” refers to physical and/or chemical changes to a soill
or rock unit resulting from near-surface processes such as percolation of
water, root growth, oxidation of soil minerals, and freeze-thaw cycles. As a
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result of these processes, the weathered till is more permeable than the
underlying unweathered till.

3.3 Advance Outwash
The advance outwash directly underlies the Vashon till, and was deposited by
meltwaters in advance of the Vashon glaciation. It is typically sand with
variable amounts of silt and gravel. On the Horseman'’s Trail site, the full
thickness of the advance outwash was encountered in MW-1, extending from
43 feet below ground surface (bgs) to 216 feet bgs, for a total thickness of
173 feet. The base of the advance outwash was encountered at elevation
237 feet mean sea level (msl). Monitoring well MW-3 located in Regatta
Estates (adjacent to Horseman'’s Trail on the east) encountered only pre-
Vashon deposits. Ground surface at this location is about elevation 240 feet
msl, indicating that the base of the advance outwash is above this elevation.
Exploration boring EB-6 was terminated in fine sand at elevation 237.5 feet
msl due to heaving sand in the boring. This is interpreted as indicating that
the boring extended below the water table, and that the final depth was close
to the base of the advance outwash and the less-permeable underlying pre-
Vashon sediments.

3.4 Pre-Vashon Deposits
A series of glacial and non-glacial deposits underlie the Vashon glacial
sequence on the site. The uppermost sequence encountered in MW-3
consists of silty sand with silt seams, resulting in a lower permeability than
the overlying advance outwash. The pre-Vashon deposits restrict the
downward movement of groundwater, which results in the lateral flow of
groundwater in the advance outwash.

4 Soil Properties

Strength properties for granular soils (sands, gravels) can be estimated from
the Standard Penetration Test (SPT) N-value obtained during exploration
drilling. In the SPT, a 2-inch diameter split sampling tube is driven into the
ground using a 140 Ib hammer with a 30-inch drop. The number of blows is
recorded for each 6 inches for a total penetration of 18 inches. The total
number of blows for the last 12 inches is recorded as the N-value. If more
than 50 blows are required for 6 inches, the N-value is recorded as >50. The
N-values from borings are summarized in Table 4-1.

Table 4-1. Standard Penetration Test N-values.

Stratum N-value Friction angle
Minimum Maximum  Average (degrees)

Unweathered

Vashon till >50 >50 >50

Advance o_utwash: 4 48 o8 30

upper section

Advance ou_twash: 6 S50 S50 38

deeper section

Pre-Vashon >50 >50 >50 40

sediments
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The strength property of a cohesionless soil, such as sand, is expressed as
the “friction angle”. Physically, this is the steepest slope at which dry soil can
stand. The friction angle for till is not estimated, since this unit contains a
significant fraction of fines and therefore is not considered a granular soil.
The low N-values within the deeper section of the advance outwash do not
appear to correlate from borehole to borehole, except for a layer at elevation
268 to 271.5 msl in MW-2 and EB-6, with N-values of 32 and 20, respectively.
The friction angle (strength) for this layer has been reduced to 32 degrees.

Portions of the site will be excavated, and the excavated soil will be used to
bring other areas of the site up to final grade. All fill will be placed and
compacted so that it is suitable for road and building foundation. The friction
angle for fill is assumed to be 36 degrees.

The ability of soil to transmit water is termed the hydraulic conductivity. The
term permeability is often used synonymously for hydraulic conductivity,
although groundwater scientists differentiate between the two terms.
Estimates of the hydraulic conductivity of permeable soils can be made from
laboratory grain size analyses. The Stormwater Manual for Western
Washington (SMWW) published by the Department of Ecology (2005)
provides a method (Volume Il page 3-89 Equation 1) that can be used to
estimate the saturated hydraulic conductivity (Ksa).

|OglO(Ksat) =-1.57+ 190D10 + 015D60 '0.13Dgo - 2-08ffines

where Dy, Dgo, and Dgg are the grain sizes in millimeters (mm) for which 10
percent, 60 percent and 90 percent of the sample is more fine; ffnes IS the
fraction of the soil by weight that passes the number-200 sieve; and Kgy is in
units of cm/sec. The SMWW also provides estimates of hydraulic conductivity
based on soil texture (SMWW Table 3.7) and Dy, grain size (SMWW Table
3.8).The estimates of hydraulic conductivity for the advance outwash are
summarized in Table 4-2.
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Table 4-2. Estimates of hydraulic conductivity of the advance outwash on the
Horseman'’s Trail site from laboratory test data.

Location
EB-1 EB-2 MW-2 EB-3
Depth (ft) 15.0 12.5 12.5 15.0
Equation 1

D10 (mm) 0.13 0.03 0.12 0.02
D60 (mm) 0.57 1.08 0.5 0.46
D90 (mm) 3 9 4 2
Fraction fines 0.074 0.15 0.079 0.163
K (ft/day) 88 34 80 37

Table 3.7
texture sand loamy sand sand loamy sand
K (ft/day) 16 4 16 4

Table 3.8
D10 0.13 0.03 0.12 0.02
K (ft/day) 4.6 1 4.4 0.8

A measurement of the hydraulic conductivity of compacted Vashon till,
representative of potential fill material, was made using the falling head
permeameter method. The hydraulic conductivity was calculated to be 3.9 x
10° cm/sec.

5 Seismic Setting

The Pacific Northwest is located along the western margin of the North
American plate, above the subduction zone of the Juan de Fuca plate. This
geologically active zone has resulted in regionally high relief, and ongoing
seismic and volcanic activity. Research is currently underway regarding
historical large-magnitude, subduction-related earthquake activity along the
Washington and Oregon coasts. Geologists are reporting evidence that
suggests several large-magnitude earthquakes (Richter magnitude 8 to 9)
have occurred in the last 1,500 years, the most recent of which occurred
about 300 years ago. No earthquakes of this magnitude have been
documented during the recorded history of the Pacific Northwest.

In 2003, investigation by the USGS identified a fault running approximately
northwest — southeast across the southern end of Whidbey Island (Sherrod et
al. 2005). More recent studies have identified the extension of the Southern
Whidbey Island Fault (SWIF) across Puget Sound and into the mainland. The
current interpretation is that the fault occupies a zone about 3 miles wide,
within which there is a number of individual fault “strands.” Based on
currently available published information, it appears that the southern strand
of the fault zone either underlies or is close to the Horseman'’s Trail site. The
location is shown on Figure 5-1 based on the most recent USGS published
digital mapping (United States Geological Survey 2006).

Mapping by the Washington Department of Natural Resources (Palmer et al.
2004a) has identified the seismic site class values for Shohomish County.
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ground acceleration of 0.3g has been used, with a seismic coefficient of 0.65
(Day 2002), resulting in an equivalent horizontal acceleration of 0.2g.

Washington Department of Natural Resources (Palmer et al. 2004) has
mapped the liquefaction susceptibility of soil in Snohomish County (Palmer et
al. 2004b). Site soils are identified as having low to very low susceptibility to
liquefaction (Figure 5-4). This is confirmed by investigations that show all
soils except colluvium are dense to very dense. The colluvium is located
above the groundwater level and therefore is not susceptible to liquefaction.
Also, any colluvium that is within a foundation area for a retaining structure or
beneath a fill will be removed.

6 Erosion

The erosion hazard for the site is evaluated based upon the criteria identified
in Snohomish County Rule 3044 Appendix A (2006). Site soils are Alderwood
and Everett, with erosion hazard values of Medium and Low, respectively.
The parent materials are Vashon till and advance outwash, with the steepest
slopes in the range of 15 to 25 percent, for an erosion hazard value of
Medium. Overall, the site therefore has an erosion hazard value of Medium.

7 Slope stability

Snohomish County Critical Area Regulations (Snohomish County 30.62.015
(16)) define a landslide hazard area as:
"Landslide hazard areas" means areas potentially subject to mass earth
movement based on a combination of geologic, topographic, and
hydrologic factors, with a vertical height of 10 feet or more. These include
the following:

(a) Areas of historic landslides as evidenced by landslide deposits,
avalanche tracks, and areas susceptible to basal undercutting by
streams, rivers or waves;

(b) Areas with slopes steeper than 15 percent which intersect
geologic contacts with a relatively permeable sediment overlying a
relatively impermeable sediment or bedrock, and which contain springs or
ground water seeps;

(c) Areas located in a canyon or an active alluvial fan, susceptible
to inundation by debris flows or catastrophic flooding.”

Criteria (a) and (c) are not applicable to the Horseman'’s Trail property as
there is no evidence of historical landslides on the site, and the site is not
located in a canyon or on an active alluvial fan. Parts of the side slopes to the
ravines and the northern slope have slopes greater than 15 percent.
However, groundwater seeps are present only in the area where groundwater
discharges to the wetland adjacent to the northwest corner of the property at
the contact of the more-permeable advance outwash with the less-permeable
pre-Vashon sediments. Therefore, the only area that potentially meets a
landslide hazard area criterion is the north-facing slope above the wetland.
This area is shown on Figure 7-1.
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Slip circles for cross-section C-C were constrained to pass under a proposed
retaining structure by defining increased arbitrary strengths (cohesion and
friction) for the retaining structure area of the cross-section. Where residential
units will be located within areas of potential mass movement, additional
geotechnical analyses will be required once the type of retaining structure
has been defined.

The critical slip circles for cross-section D-D are shallow circles passing
through the crest and the toe of the slope. The landslide hazard area is
therefore the area between the crest of the slope and the toe of the slope.
The setback requirement (the greater of one-third the height of the slope or
50 feet) would be met by the proposed locations of the closest house
footprints.

The geotechnical engineer of record should use seismic parameters in force
at the time of design, in accordance with Snohomish County Code. In
addition, seismic deformation analyses should be performed for areas
potentially subject to seismic instability to ensure that displacement
associated with the design earthquake can be safely sustained by the
structures.
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e o " i Fioject Number Expleration Number Sheet
s - KEQ54758 EB-H 20f2
Froject Name 5, Lrai Ground Surface Elavation () S 7. <Y

AESIBOA, (4755 P Fabruary 25, 2000

_Horseman's,
Locatian Snohomish County, Wa Catumn
DrillerEquipment | Tracked Date Stait/Finish
Harmmer Weight/Drop _ 140 / 30" Huola Diametes {in} _-g"
_ . =T i 1o}
£ i ET &
= 2 E-'E DRAFT =E5|3 % Elows/Foot 2
A [s] £ |FE =25 5 b
g 1l 5 o5 | HEE ¥
DESCRIPTION G| 10 20 30 40 o
512 Wet, rmcttied light browwn, non-stratifiad, sity fina SAND, scattered mica 4
- parlicles averlying approximately 1/4" thick dark brown, aiganic SILT at 4 £20
appraximately 455 feet overlying wet, light gray, weakly stratified, fine to 18
medium SAND, trace silt {SMML
- 50 513 Moist, light gray, non-ztratifisd, #ne SAND, trace silt (5P). 20
- 22 sy
] : 55
- 55 14 Maist, ight gray, stratified, fing SANC, few silt [SM). o
5 ol L 3
a0
- 8¢ 815 Eaturgted, light elive-gray, interbedded silty fine SAND and fne to medium 12
s SAND, trace silf [SMER. 2 +&8
4
- 5 I 518 Sadurated, light alive-gray, non-stratifiad, fine to medium SAND. little sit I F s
- {SM). ™
|__ 1o I §17 Wet, light clive-gray, weakly stratified, fine to medium SAND, fow silt {SM), gg -
] - Lok o
- = Wet, light clive- k tified, K ND, few silt (SK 27
| 5-18 et, light plive-gray, weakly stratified, fine SAND, few silt (SM). dad dspea
a0 Unabiz to semple due to heave. Boring terminated due to heave.
Batioem of expiiration borirg at B0 fast
- &5
.
Sampler Type (5T
D] 2" OD Split Spoan Samplsr {(SPT) D Mo Recovary M - Moisture Laggad by: DG
[D 3" QD Split Spoon Sampler (D & M) [l Ring Sample ¥ water Level ) Approved by:

]
Grab Sample

E Shelby Tube Sample ¥ Water Level at time of drifing (4TD)




GRAIN SIZE ANALYSIS - MECHANICAL

Date Project Froject Mo. Soil Description
212612008 Horsemans Trail KEO3475C
Tested By Location EB/EP No  [Depth SAND with gravel little silt
MS Onsite EP-22 5-1
Wt Of wet sample + Tare 1579.67
Wi of Dry Sample + Tara 1477.00
Wt of Tare 325.71 Moisture % 9.5
W of Dry Sample 1081.38
After Wash Waeight + Tare 1248.61
Specification Requiremants
Sieve No. Diam. {mm) Wt. Retained (g} | % Retained % FPassing Minimum Maximum
3.5 [l 1] 2.0 1000
3 6.1 0 0.0 100.0
2.5 G4 1] 0.0 100.0
2 0.8 ) 0.0 100.0
1.9 g 0 0.0 100.0
1 254 171.42 15.8 £4.1
34 19 185.76 2 825
18 9.51 305.33 282 718
B4 4.76 416.34 3|5 £1.5
#B 2.38 44722 45 1 54.9
#1{ 2 503,43 45 5 23.4
#20 {.85 567.31 525 47.5
#4040 0.42 656.71 60.7 38.3
k2t 0.25 735 61 68.1 3.9
#1000 0.149 F88.72 74.0 28.0
#A00 0.074 847.98 oA 21.8
US STANDARD SIEVE HOS,
¥ . 2 B4 MNOLLE MC40 WO.200
100
&0
£ 9 N
L
3 \
E
E 40 -
20
o LLL - - -
100 10 1 0.4 0.01

Graln Skre, rnm

ASSOCIATED EARTH SCIENCES, INC.

811 5th Ave., Suile 100 Kirkland, We, 08033 425-827-7701 FAX 475-827-5424
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GRAIN SIZE ANALYSIS - MECHANICAL

Date Froject Project Mo. Seil Description
212672008 Horsemans Trail KEQ5475C
Tested By Location EB/EP Mo |Depth SANL with gravel,silt
M3 Cnsite EP-22 5-2
Wi, Of wet sample + Tare 1685.07
Wi. of Diy Sample + Tare 1578.95
Wit of Tare 336.44 Maoisture % 8.5
Wt of Dry Sampla 1242 51
After Wash Weight + Tare 1260.45
Specification Regulrements
Sieve Na. Diam. {mm} Wi, Retained {gq) | % Retained %% Passing Minimum Maximum
3 O} 4] 0.0 100.0
3 T&.1 a 0.0 100.0
2.5 G4 Q .0 1000
2 50.8 £] 1.0 100.0
1.5 381 0 (.0 10{.0
1 254 101.03 2.1 91.8
34 19 184.02 14.8 85.2
38 9.51 295.5 238 76.2
# 4,75 453,34 37.3 B2.7
#B 2.358 482 BY 0.8 B1.2
#10 2 ADH. T3 401 500
i) 085 TN 48 1 53.9
H#4i} 0.42 GHE.26 5310 47.0
#67 0.25 75802 1.1 J8.9
#1060 0149 B62.56 604 30.6
#2060 G074 B24.01 .4 23.6
US STANDARD SIEVE NOS,
iy et MNC.4 MG, 16 M40 MICH200
100
a0
2 s
‘I.L_r %.
[
¢ w0
i
20
.o - - - I -
100 10 1 IR 001

Grain Slze, mm

ASSOCIATED EARTH SCIENCES, INC.

B1t Sth Ave., Suile IO Kirkland, WA 88035 425.927-7TH FAN 425-B27-5424




GRAIN SIZE ANALYSIS - MECHANICAL

Date Project Project No, Soil Descriplion
2{26/2008 Horsemans Trail KED54750
Tested By Lacation EB/EF Mo Depth SAND with silt,with graval
M5 Onsite EP-22 5-1
Vit Of wet sample + Tare 152408
Wi, of Dry Sample + Tare 1438.12
Wi, of Tare 328.59 Moisture % 7.7
Wit of Dy Sample 110953
After Wash Welght + Tars 1170.47
specification Requirements
Sieva No, Diam. {rm} Wt Retained (g} | % Retained % Fassing Minimum Maximurn
3.5 a0 0 0.0 100.0
3 6.1 1] 0.0 100.0
2.5 54 0 0.0 100.0
2 0.5 4] 0.0 100.0
1.5 381 0 0.0 100.0
1 254 FiFirs 7o 93.0
34 19 188.06 16.9 831
38 2.5 211,76 281 71.%
#d 476 J84.41 I8 65,4
HE 238 448.23 40.5 £8.5
#10 2 AG2.7 41.7 hE.3
#20 085 520.49 45.9 531
A 0.42 582 55 Sl 475
#E0 0.25 663 24 GB0.2 39.8
#100 0,148 77078 BO.5 30.5
#200 Q.074 834.01 752 24.8

U5 STANDARD SIEVE NOS,

3 3 N4 (JR]: N4 NCL200

100

g

&

&

Pegreent Finar

8

100 ' 10 1 0.1 0.04
Grain Slze, mm

ASSOCIATED EARTH SCIENCES, INC.

911 Bth Awe,, Suide 100 Kirkland, Wa 93033 4258277701 FAX 4258275424




GRAIN SIZE ANALYSIS - MECHANICAL

Date Project Project Mo, Soil Description
212652008 Horsernans Trail KEDS475C
Tested By Location ER/EP Ne  |Depth SAND with gravel little silt
MS Onsite EP-24 51
Wi, Of wet sample + Tare 1771.33
W of Dry Sample + Tare 1645 57
Wit of Tare 332.83 Moisture % 06
Wi of Dry Sample 1312.74
Adter Wash Waight + Tare 1425.35
Specification Requiremenls
Sigve No. Diam, {rmm) Wi Retained (g) | % Retained % Passing Minimum Maxinturm
3.5 an 0 K] 1000
3 TE.1 0 0.0 1600 £
25 4 1] {.0 10040
2 E08 0 1.0 100.0
1.5 38.1 0 0.0 100.0
1 264 i 0.0 100.0
34 19 63.44 4.8 5.2
38 951 248,21 19.0 81.0
#4 476 42185 321 7.9
#a 2.38 562.84 429 871
¥10 2 5891 44.9 o2
#20 0.585 fOR.82 £3.2 46.4
#40 0.42 ¥06.98 60.7 383
#50 0.25 900,71 ER5 414
#100 {3,145 1008.25 76.0 23.1
2200 0.074 107068 B1.6 18.4

US 5TANDARD SIEVE NODS,

a aig MDA O 16 HO40 W 206
100 - \
a0
G
.= B0
[T
£
B
= 40
R
¥ aw i
o LIAL - = - - = -
100 1D 1 0.1 oyl

Grain Slza, mm

ASSOCIATED EARTH SCIENCES, INC.

814 Sth A, Suile 100 Kiddend, WA 880353 4265-827-7701 FAX 425-827.5404
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GRAIN SIZE ANALYSIS - MECHANICAL

Date Project Project No. Soil Description
2126/2008 Horsemans Trail KECG5473C
Tested By Lacation EB/EF Nc¢  {Depth SAND with gravel silt
M3 Onsite EP-25 51
Wi, Of wet sampie + Tare 1760.7
W, of Dry Sample + Tare 1641.45
Wi, of Tare 52216 Moigtura % 10,7
Wt. of Bry Sample 1118.29
After Wash Waeight + Tare 1341.84
Specification Requirements
Sieve Mo. Diam. {mm} W, Retained (g} | % Retained % Passing Minimum Maximum
35 G0 0 0.0 100.4
3 761 Q 0.0 100.0
25 G 0 0.0 100.0
2 208 i) 0.0 100.0
1.5 38.1 0 0.0 10LD
1 254 124 45 11.1 a8.4a
344 19 162 68 14.9 855
8 &.51 2786 2449 751
et 4.76 372.15 33.2 G6.8
#A 2.38 451.32 403 50.7
®10 2 467.96 4158 8a.2
#20 0.85 £31.03 47 4 a2.6
FHadd 0.42 592 BY 53.0 47.0
#E0 0.25 57012 59.9 48.1
¥100 0.143 a1 06 6r.2 328
#200 0074 81504 28 27.2
IS STAMDARD SIEVE HOS5.
ar Wy HO.4 [TaX]} G40 MO, 200
100 y
:
ao I
E 80
i
%
g :
e
20
1] = -
100 10 1 o1 0.1

Grain Size, mm

ASSOCIATED EARTH SCIENCES, INC.

11 5h Awe., Suile 100 Kirkland, Wa 98033 4258277701 FAX 425-8237-5424




GRAIN SIZE ANALYSIS - MECHANICAL

Date Froject Project No, Soil Description
2126/2008 Harsemans Trail KED54T5C
Tested By Location EB/EF Mo  |Depth SAND with silt,with gravel
M5 Onsite EP-26 5-1
Wi OF wet sample + Tare 1945.47
Wi, of Dry Sampie + Tare 18327
Wt of Tare 31488 Moisture %% 7.4
Wt of Dry Sample 1518.02
After Wash Weight + Tare 1410.43
Specification Reguirements
Sieve No. Biam. {mm) Wt Retained {g} | % Retained % Passing Minimum Maximum
3.5 o0 i} 0.0 00,0
3 VE.1 1] 0.0 100.0
2.5 54 0 0.0 100.0
2 5.8 i 2.0 13040
1.5 381 [i] .0 100.0
1 254 60.26 4.0 Q8.0
34 14 112.05 7.4 02 6
KT 951 252.38 16.6 834
4 4,756 37884 2510 7o
#E 2.38 467,73 308 59.2
#10 2 487 25 321 67.9
#20 A5 58018 38.2 B1.8
#40 0.42 719.02 47.4 52.8
#6 0.25 a71.02 374 A28
#100 0.149 1005.85 £6.3 337
#200 0.074 1089.05 1.7 283
LS STAHDARD SIEVE HOS.
ar e O MO 6 M40 NO_200
100
F \
£ 60
[
g
.E 49
20
L —— : s
100 - 10 1 0.1 0.04

Graln Sfze, mm

ASSOCIATED EARTH SCIENCES, INC.

11 5th Awe., Buite 100 Kitklamd. WA SB023 425-837.7701 EAX, 4258275424




GRAIN SIZE ANALYSIS - MECHANICAL

Date Project Frojecl Mo, Soil Description
212612008 Horsemans Trail KEDS475C
Tested By lLocation EB/EF Mg (Depth SAND with gravel few silt
MS Onsite EP-27 5-1
W1 Of wet sample + Tare 1534 4
Wt of Dry Sample + Tare 1391.71
Wi of Targ 207.12 Moisture % 13.0
Wt of Dry Sampls 1084.59
After Wash Weight + Tare 1310.58
specification Reguirements
Sieve No. Diam. fmm} Wt Retained {g) | % Retaingd % Passing Mirtirnuim Maxitmum
1.5 a0 0 0.0 100.0
3 6.1 0 0.4} 100.0
25 4 o n.0 1000
2 an.a 1] 0.1 100.0
1.5 ;A 0 .0 1{H).G
1 25.4 i) .0 100.0
>4 14 11684 10.7 88.3
K 5951 22503 20,6 o4
#4 4.76 Juae 06 2.2 678
w8 2.38 437.76 41.8 B2
#10 2 481.13 44 0 H6.0
#20 085 GTE. 25 063 43,7
#4 042 853 81 F8.0 22.0
#50 0.25 855.31 B7.4 128
#100 0149 994 54 20.9 #.1
#2000 074 1011.58 82,5 7.5
LIS STANDARD SIEVE HDS.
3" g N4 [Tk} L) N, 200
100
80
2 @0
L.
E
5 40
20
o LT 1 " A
100 10 1 0.1 0.01

Grain 8iza, mm

ASSOCIATED EARTH SCIENCES, INC.

11 5lh Ava., Suite 100 Kiskland, Wa 98033 4258557701 FAX 4258275424




GRAIN SIZE ANALYSIS - MECHANICAL

Date Project Freject Mo. Suil Description
21262008 Hersemans Trall KEQ5475C
Tested By Location EB/EP Mo |Depth SAND with siit little gravel
MS Onsite Composite EP-22-27 Composite
Wi Of wet sample + Tare 180112
Wi of Dy Sarmple + Tars 16868.5
Wi of Tare 2574 Moisture % 9.6
W of Dry Sample 1371.7
After Wash Weight + Tare 128508
Specificatitn Requiremants
Sieve Mo. Ciam. {imm} W, Retained (o) | % Retained % Paszsing Minidrmumm Maximum
3.5 o0 1] 0.0 100.0)
3 Fg.1 1] 0.0 100.0
25 64 i 0.0 1000
2 20.8 { 0.0 1000
1.5 56,1 { 0.0 1000
1 264 { 0.0 100.0
34 19 101,38 7.4 926
38 £.51 197 849 14.4 559.6
4 4.76 323.55 23.6 B4
#B 2.38 424,11 0.9 GG.1
#10 2 445,11 324 £6¥.6
#20) 0.B5 535.86 3g1 60.9
44 0.42 542,35 458 a3.2
#E0 0.25 7344 55.0 43.0
#100 0,148 852 30 64 4 a5.6
H2O0 0.074 979.13 1.4 288
LIS STAMDARD SIEVE NOS,
3 a4 NO4 HOL 18 NC-40 HOL200
100 N\
B0 \
¥ \L\a_
L o0 e
i
8
E 41
20
.D o Y ™ b -
100 11 1 01 2.01

Grafn Size, mm

ASSOCIATED EARTH SCIENCES, INC.

811 Sth Awve, Suite 100 Kirkland, WA 83083 42359277701 FAX 4250275424




Associated Farth Sciences, Inc.

lad

=

Proctor Analysis

ASTM D1557, D698

Date Sampled Froject Project Mo. Soll Description
28-Feb-08 Harsemans Trail KEDB475C
Tested B:  Collected By  |Lozation EB/EF No.  |Depth SAND with silt little gravel
M EL Onsite EP-22.27 Composits
|F’ercer‘1t passing 34" sieve: 23% ASTM D1557 Method © | Aultomatic Tamper
A Mold Number 1 2 3 Remarks
B Waler Added field wet dry
Wt of Wet Soil +
C Mold {15} 23.225 22.545 22395
D Wi, of Mold (b} 12 750 12.200 12.200
E Wi of Wet Soil (lb) 10475 10.345 10,195
F Wet Density, {pef) 140.700 138.854 136.938
5 Wit of Pan (Ib) 0.485 0.485 0485
Wt. of Wet Soif +
H Pan {Ib) 2.435 1.998 1.860
Wt. of Dry Soil +
J Pan {lb} 2.240 1.815 1.¥585
K Wi of Water (b} 0.195 0,180 0.105
M Wt. of Dry Sail {Ib) 1.755 1.330 1.270
N Moisture Content 111 135 4.3
(%)
O Dry Density (pcf) 126.6 122 4 126.5
z rora g inch mald: 7 = 0.074445 For a 4" mold: 7= Q.0333
140.0 Test Resulis:
1350 k Optimum Maisture Percentage: 10.0
130.0 £ Marimum Dry Density: 127.0
- 3 L e, "
.-E‘ jé:g ] Ty Corection for cvarsize; ASTM 04718
& g . 5 Corrected Moisture Percentage: 88
= T F Comected Maximurmn Dry Density:  120.9
o 110.0 +
Assumed Specific Gravity: 27
50° 0.0 150 220 250
meisture confent, %

ASSOCIATED EARTH SCIENCES, INC,

811 Fifth Ave., Suite 100 Kirkland, Wa 55033 425-837-T701 FAX 42750275424




COEFFICIENT OF PERMEABILITY

ABTM D-5084 (Falling Head)

Date Sampled Project Project No. Soil Description
212612008 Horgernans Trall KEGHd THC
Tested By Lacation EB/EF No. |Depth SAND with silt little gravel
WS Onsite Ep-22-27 Composite
Sample Dimensions:

Diam. 10.16 &m Height 11.60 ¢m

Area 81.07 cm® Volume 940.45 em®

Falfing Head Test Data
Standpipe Burette Soak Time 24
Area of standpipe, a 177 cm® Wet Density 137

ASSOCIATED EARTH SCIENCES, INC.

11 Fillh Ave., Suite 100 Kirkland, WA BB033 425-827-T701 FAX 425-027-5434

Test No. hi, cm k2, cm | t. sec Qin, cm® | Qout, em” T.C ky, cmisec
1 17018 168.91 1800.00 G A0000105
p 168,94 167 64 1300.00 000000106
3 167 .64 163,83 3600.00 000000152
4 163 83 157.48 T7200.00 000000138
) 157 .48 144 78 14400.00 0.00000148
3 144,78 132.08 2680.00 000060807
7 132.08 11430 2680.00 000001271
B H#OIVH

nrinm = 1
a*L h
kr=—r o= _0.00000391 cmisec (average)
kn=kr¥pr/nu= 3 HE-06 cmisec




Attachment B

Slope Stability Calculations
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Horseman’s Trail PRD September 2008
Geotechnical Conditions Attachment B

B1 Approach

B1.1 Analytical Method
Two cross sections were analyzed at locations shown on Figure 7-1 of the
report. Cross section C-C is a north — south section through the deepest
section of fill in the east ravine. Cross section D-D is through the area
identified as a landslide hazard area. Cross section geometry and elevations
were extracted from site GIS data. The groundwater level used in the
analyses was based on modeling of developed conditions groundwater
(Anthony Burgess Consulting, 2008).

Analyses were performed using the WINSTABL software (Bosscher).
Janbu circular and sliding block methods were used.

B1.2 Properties
Soil properties are given in Table B1-1 below. The values used by Associated
Earth Sciences, Inc. (ref) were reviewed and are considered appropriate for
the sol types identified in the borings at the site. The low N-values within the
deeper section of the advance outwash do not appear to correlate from
borehole to borehole, except for a layer at elevation 268 to 271.5 msl in MW-
2 and EB-6, with N-values of 32 and 20, respectively. The friction angle for
this layer has been reduced to 32 degrees in Section C-C. The properties of
the retaining structure are arbitrary, and were chosen with the objective of
forcing the failure surface to be located outside the retaining structure.

Table B1-1. Soil Properties.

Moist unit Saturated

Soil wt unit wt Cohesion Phi
Soil type number  (Ib/cu ft) (Ib/cu ft) (Ib/sq ft) (deg)
Fill 1 120 126 0 36
Advance 2 120 125 0 38
outwash
Colluvium 3 100 110 0 30
Pre- Vashon 4 125 135 0 40
Retaining 5 120 130 500 40
structure
Advance
outwash, lower 6 120 125 0 32
strength layer

The stability analyses for earthquake (seismic) loading were analyzed using a
horizontal ground acceleration of 0.2g.

Page B4



Horseman’s Trail PRD September 2008
Geotechnical Conditions Attachment B

B2 Analyses

B2.1 Cross Section C-C
Cross section C-C is shown on Figure B2.1-1. The retaining structure width
represents the minimum cross section required to act as a gravity structure.
Other alternatives, for example soldier piles and tie backs may also be
appropriate. Additional analyses will be required for the final type of retaining
structure.

Representative analyses are shown on Figure B2.1-2. The critical failure
circle passes close to the base of the wall (Case 1 static) with a factor of
safety of 1.6. Under seismic loading conditions (Case 1 seismic), the factor of
safety drops to 1.1. A block wedge mode of failure passing through the
weaker layer in the advance outwash (Case 2 static) has a factor of safety of
2.0. Failure circles incorporating larger sections of the fill (Case 3 static) have
progressively higher factors of safety.

B2.2 Cross Section D-D
Cross section D-D is shown on Figure B2.2-1. The critical failure surface
passes through the crest and toe of the slope. For static conditions The
factor of safety is 1.7 for static conditions and 1.1 for seismic loading (Figure
B2.2-2).

B3 References

Bosscher, P. J. WINSTABL: PCSTBL6 Slope Stability Analysis by Purdue
University. Modified by P.J. Bosscher University of Wisconsin-Madison.

Page B5



Horseman’s Trail PRD September 2008
Geotechnical Conditions Attachment B

Figures
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